Bohn, Brent

From: Gibbons, Catherine

Sent: Friday, December 04, 2015 7:36 PM
To: Bohn, Brent

Subject: FW: Cr(VI) bimonthly presentations

From: Gibbons, Catherine

Sent: Friday, October 24, 2014 3:28 PM

To: Khan, Elaine@OEHHA <Elaine.Khan@oehha.ca.gov>
Subject: RE: Cr(V1) bimonthly presentations

Oh | definitely won’t, thanks to these! But I'll make up for it next weekend! | love Halloween.

Thanks again for the call about David, | was surprised that the contractors hadn’t confirmed with him yet, but apparently
they said they’d sent him some emails and never got a response. Not sure if that’s true or not.

Thank you!

From: Khan, Elaine@OEHHA [mailto:EIaine.Khan@oehha.ca.gov]
Sent: Friday, October 24, 2014 3:26 PM

To: Gibbons, Catherine

Subject: RE: Cr(VI) bimonthly presentations

Great, thank you! Enjoy your weekend!

From: Gibbons, Catherine [ mailto:Gibbons.Catherine@epa.gov]
Sent: Friday, October 24, 2014 12:22 PM

To: Khan, Elaine@OEHHA

Subject: Cr(VI) bimonthly presentations

Greetings! These are all publicly available on the docket, so | thought I'd save you the trouble and send them
along. Enjoy!

--Catherine



Bohn, Brent

From: Gibbons, Catherine

Sent: Friday, December 04, 2015 7:32 PM
To: Bohn, Brent

Subject: FW: OEHHA Shop Talk

From: Khan, Elaine@OEHHA [mailto:EIaine.Khan@oehha.ca.gov]
Sent: Monday, January 05, 2015 4:05 PM

To: Gibbons, Catherine <Gibbons.Catherine@epa.gov>

Subject: OEHHA Shop Talk

Live meeting details:

Attendee URL:

Audio: Two way computer audio conferencing: On, but last time we were hosting the meeting in Sacramento we had a
lot of trouble with the computer audio, so you may want instead to use the Telephone conferencing:

Audio conferencing provider: .

Please remember to mute your computer audio if using the telephone conferencing.



Bohn, Brent

From: Gibbons, Catherine

Sent: Friday, December 04, 2015 7:31 PM

To: Bohn, Brent

Subject: FW: hypochlorhydria (high stomach pH) in the US population

From: Sasso, Alan

Sent: Thursday, January 15, 2015 8:36 AM

To: Elaine.Khan@oehha.ca.gov

Cc: Gibbons, Catherine <Gibbons.Catherine@epa.gov>

Subject: RE: hypochlorhydria (high stomach pH) in the US population

That's OK, it was more of an FYI than a question.

At 3 or 4 of our public meetings, we asked the public and industry to identify susceptible populations, and somehow
nobody mentioned this!

-Alan

From: Khan, Elaine@OEHHA [mailto:Elaine.Khan @oehha.ca.gov]
Sent: Wednesday, January 14, 2015 5:06 PM

To: Sasso, Alan

Cc: Gibbons, Catherine

Subject: RE: hypochlorhydria (high stomach pH) in the US population

Hi, Alan.

Thanks for the info. It looks very interesting. Unfortunately, I've never heard of the condition and I'm racking my brain
trying to think if | would know a good person to ask about this. Please let me know if you find out more and vice versa.
Thanks!

Elaine

From: Sasso, Alan [mailto:Sasso.Alan@epa.gov]

Sent: Wednesday, January 14, 2015 1:54 PM

To: Khan, Elaine@OEHHA

Cc: Gibbons, Catherine

Subject: hypochlorhydria (high stomach pH) in the US population

Hi Elaine,

I really enjoyed the talk last week, thanks for sending us the info.

I was reading-up on gastric parameters in the human population (particularly as a function of fed/fasted status), and |
saw in this Kalantzi paper, 2 out of the 19 subjects just happened to have a condition called “hypochlorhydria”. They
persistently have a very high stomach pH, and are very susceptible to gastric cancers and lesions/ulcers (due to

biological/bacterial issues, infections, etc).

In 28 hypochlorhydric subjects (Feldman paper), the average basal pH was 7.44 in men,7.65 in women.



In 252 men WITHOUT hypochlorhydria (healthy, not taking medication, etc), 5% of them naturally had a basal/resting
(fasted) gastric pH of at least 5.09. in women (n=113), 5% had pH>=6.81. Those are conditions where our models
indicate poor reduction.

So, even without hypochlorhydria, 10% of the population may be above pH=5 .

At the end of the Feldman paper, they say that the true incidence of hypochlorhydria in randomly selected adult humans
in the US population is unknown (but that paper is from 1991). I’'m having trouble obtaining information on what the
incidence may be.

Have you ever heard of this condition?

-Alan

Alan F. Sasso, Ph.D.

Office of Research and Development

National Center for Environmental Assessment
U.S. Environmental Protection Agency
(703)-347-0179




Bohn, Brent

From: Gibbons, Catherine

Sent: Friday, December 04, 2015 7:31 PM
To: Bohn, Brent

Subject: FW: copy of SOT poster
Attachments: Sasso_SOT2015.pdf

From: Sasso, Alan

Sent: Monday, March 30, 2015 8:52 AM

To: Wong, Patty@OEHHA <Patty.Wong@oehha.ca.gov>

Cc: Elaine.Khan@oehha.ca.gov; Gibbons, Catherine <Gibbons.Catherine@epa.gov>
Subject: copy of SOT poster

Hi Patty,
It was nice meeting you at SOT. Here is a copy of my poster from SOT.

Sorry | couldn’t find anybody else from your office—SOT is very overwhelming. It's become too big. | spend most of my
time there walking miles between posters and talks.

The moral of the story of this poster is that you can obtain the same human equivalent dose using a stomach-only
model, as you do with a whole-body PBPK. | believe whole-body PBPK is overkill for this type of problem, and site-
specific absorption rates into each Gl tissue cannot be validated.

It also shows how high pH individuals may be more susceptible. We don’t know the incidence of high stomach pH in the
population (since it’s an invasive test, usually only done when people are having Gl problems).

-Alan

Alan F. Sasso, Ph.D.

Office of Research and Development

National Center for Environmental Assessment
U.S. Environmental Protection Agency
(703)-347-0179




In vivo efficiencies of hexavalent chromium reduction in the gastric

environments of mice, rats, and humans

www.epa

Sasso A.F., Schlosser P.M.

U.S. Environmental Protection Agency. National Center for Environmental Assessment

Introduction

Hexavalent chromium (Cr(V1)) is a known human carcinogen via inhalation,
but less is known about human risks via ingestion. Increased incidences of
neoplasms in the oral cavity of rats and in the small intestine of mice have
been observed in long-term drinking water bioassays (NTP, 2008). When
ingested, Cr(Vl) can be reduced to trivalent chromium (Cr(Il1)) within the
gastrointestinal (GI) tract. Cr(lll) is thought to pose little or no carcinogenic
risk. Understanding Gl tract reduction is important in evaluating the NTP
cancer findings in the context of human health risk assessment.

Available toxicokinetic models
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Ex vivo models predict reduction under batch conditions Gl tract models
Incorporate ex vivo models into a dynamic system to estimate in vivo Cr(VI)
reduction in the lumen. PBPK models estimate absorption and kinetics of
Cr(V1) and Cr(lll) in the whole body. The Gl tract model in this poster
combines the ex vivo model by Schlosser and Sasso (2014) with the
stomach compartment of the PBPK model by Kirman et al (2013).

Toxicity data

NTP (2008) observed diffuse epithelial hyperplasia (DEH) and
adenomas and carcinomas (A+C) in the small intestine of mice. The
same effects were not observed in rats, although squamous cell
carcinomas (SCC) were observed in the oral mucosa.
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U.S. Environmental Protection Agency
Office of Research and Development

In vivo stomach reduction and Gl effects

Reduction of Cr(V1) in the stomach is a major source of inter-species differences
Inefficient reduction results in a greater amount of unreduced Cr(VI) persisting in
the small intestinal (SI) compartments (duodenum, jejunum, and ileum).

Species comparison of in vivo stomach reduction

+ Toxicokinetic models estimate that rats reduce an equivalent daily Cr(Vl) dose
more efficiently than mice (on a basis of % unreduced dose escaping stomach)

* At low doses, humans reduce Cr(Vl) more efficiently in the stomach than rodents,
primarily due to larger stomach size, and lower pH of the human stomach.

* The high efficiency of reduction for humans also leads to a more rapid loss of
reducing agent at high doses.
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Two potential internal dose metrics for Gl tract toxicity are
1) absorption (mg Cr(VI) absorbed per L small intestine tissue), and
2) pyloric flux (mg Cr(Vl) escaping stomach reduction, per L small

intestine tissue). Pyloric flux requires only a Gl tract model, while
absorption requires a whole body PBPK model.

Despite the relative simplicity of the Gl tract model, extrapolating NTP (2008)
small intestine toxicity data from mice to humans (using pyloric flux)
produces similar results as a whole body PBPK model (using absorption).

+ The averages of the HEDs estimated by a Gl tract model range from 0.05-
0.1 mg/kg-d, depending on response rate and uncertainty factor (Table 1)

* The human equivalent dose (HED) estimated by a PBPK model was 0.06
mg/kg-d (Thompson et al., 2014).

Table 1. Preliminary dose-response and human extrapolation for
diffuse epithelial hyperplasia in mice (using NTP 2008 data)

Pyloric flux Adjusted HED HED Average
(lifetime average  UF*  pyloric flux  pH=25 pH=6 HED
mg/L-d) (mgll-d) (mgkgd) (mgkg-d) (mgkg-d)
Mouse simulations Human simulations
Male mouset
BMDLS 13 3 043 012 14e-2 6.7e2
BMDL10 26 3 o088 014 28e-2 84e-2
Female mouses
013 8.9e-2 45e-3 47e2
LOAEL 40 10 0.40 0.12 13e-2 6.7e-2
3 13 015 42e2 9.6e-2
*Uncertainty factors.

‘tMale mouse intemal dose BMDLs adusted by UF of 3 to compare with Thompson et al. (2014)

$Data for the female mouse not amenable to BMD modeling. LOAEL was adjusted by UF of 3, 10, and 30
to account for LOAEL to NOAEL extrapolation and interspecies variation. These UF values were applied
for model evaluation purposes only and do not reflect an evaluation of the toxicology data for the mouse.

Benchmark dose (BMD): Dose producing a predetermined change in response rate of effect
BMDL: Lower confidence limit on the dose at the BMD
LOAEL: Lowest observed adverse effect level

I sass v |

Food effects on Cr(VI) reduction

The pH of human gastric juice spikes to 6 during meals, and returns to baseline within
2 hours (Mudie et al., 2010, Parott et al., 2009). Simulations were performed that
incorporated these pH spikes, as well as changes in gastric emptying rate (KLSD) to
assess the impact on average daily internal dose.

Table 2. Preliminary human extrapolation for
diffuse epithelial hyperplasia in mice
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*UF=10; 1UF=30 (for evaluation only; see Table 1)

$Default constant GastroPlus™ model parameters for fed human
pHT,: Dynamic human pH (baseline of 2.5, spikes to 6 with meals).
KLSD|: Constant low stomach emptying rate (KLSD=0.415/hr)

Simulation of dietary spikes in stomach pH.
It was assumed that the 3 largest drinking
water events were associated with a meal.

Model predictions for fed humans have higher uncertainty, and may overestimate the
human internal dose because:

* Kinetic model was based on parameters derived from fasted human gastric samples
* Gastric juice of humans in the fed state will have higher reducing capacity

+ Gastric emptying rate decreases during solid meals (increasing stomach reduction)

However, both the decreased reduction rate and decreased stomach emptying may
increase Cr(VI) exposure to the stomach epithelium.

Discussion

* A simple 1-compartment G| tract model predicts HEDs similar to those obtained with
more complex PBPK models for the endpoint of diffuse epithelial hyperplasia in mice

* Reduction efficiencies predicted by G| tract models are consistent with NTP (2008)

* Mice are more susceptible than rats to effects in the small intestine.

* Net effect of fed status on Cr(VI) stomach kinetics in humans is unknown

* Analyses incorporating population variability and uncertainty of human and rodent
gastric parameters is the subject of ongoing work
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Bohn, Brent

From: Gibbons, Catherine

Sent: Friday, December 04, 2015 7:31 PM
To: Bohn, Brent

Subject: FW: stomach parameters for mice
Attachments: McConnell et al. 2008 Gl tract pH.pdf

From: Sasso, Alan

Sent: Wednesday, April 22, 2015 2:42 PM

To: Elaine.Khan@oehha.ca.gov

Cc: Gibbons, Catherine <Gibbons.Catherine@epa.gov>
Subject: stomach parameters for mice

Hi Elaine,

I just wanted to follow-up on something | mentioned yesterday. Attached is a paper on the stomach parameters in rats
and mice.

These data are used by GastroPlus to generate stomach/Gl pH values for pharmaceutical development. The stomach pH
for mice is 2.98 for the fed state, and 4.04 for the fasted state.

The Kirman/Proctor papers assumed a stomach pH of 4.5 for mice. Looking at their papers, they say that when they
collected gastric juice from rodents, the pH was initially about 4.0, and rose to 4.5 with the addition of DI water. But
they keep the value at pH 4.5 for their whole risk assessment and never change the assumption.

Mice in the “fed” state from the McConnell paper were simply administered food and drinking water ad libitum before
sacrifice, so the fed state might best represent the stomach PH during the NTP study. A few other papers note that
drinking water usually occurs at times of meal events.

If this is true, then more reduction occurs in the mouse stomach than previously thought. As a result, they are
experiencing effects at lower internal doses than previously thought. This has the effect of lowering the human
equivalent dose following animal-human extrapolation.

But another caveat- this makes the mouse stomach/GI TK data look more nonlinear than before.

This job is hard....

-Alan
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Measurements of rat and mouse gastrointestinal pPH,
fluid and lymphoid tissue, and implications for
in-vivo experiments

Emma L. McConnell, Abdul W. Basit and Sudaxshina Murdan

Abstract

To use rodent models effectively in in-vivo investigations on oral drug and vaccine delivery, the con-
ditions in the gastrointestinal tract must be understood. Some fundamental information is currently
unavailable or incomplete. We have investigated the pH, water content and lymphoid tissue distri-
bution along the gastrointestinal tract, as well as the stomach volume, as these were critical to our
investigations on pH-responsive drug delivery and colonic vaccination. The observed values were
compared with those in man as an indication of the validity of the rodent model. The mouse stom-
ach pH was 3.0 (fed) and 4.0 (fasted), and the corresponding values in the rat were 3.2 (fed) and 3.9
(fasted). The mean intestinal pH was lower than that in man (< pH 5.2 in the mouse; < pH 6.6 in the
rat). This brings into question the use of rodents in investigations on enteric-coated drug carriers
targeted to the large intestine/distal gut. The water content in the gastrointestinal tract in the fed
and fasted mouse was 0.98+0.4 and 0.81+ 1.3 mL, respectively, and in the fed and fasted rat was
7.8+1.5 and 3.2+ 1.8 mL. When normalized for body weight, there was more water per kg body
weight in the gastrointestinal tracts of the mouse and rat, than in man. The stomach capacity was
found to be approximately 0.4 and 3.4 mL for mice and rats, respectively. The low fluid volume and
stomach capacity have implications for the testing of solid dosage forms in these animal models.
Substantial amounts of lymphoid tissue analagous to small intestinal Peyer’s patches were measured
in the rat and mouse colon, showing the feasibility of colonic vaccination, a route which might
prove to have different applications to the more commonly studied oral vaccines. The existence of
lymphoid tissue in the mouse and rat caecum has also been reported.

Introduction

Animal models are used extensively in the pre-clinical testing of drugs and vaccines.
Rodents (mainly rats and mice) are often used due to their small size and low cost.
Rats, having a relatively larger size and greater capacity for blood samples, are more
useful for bioavailability studies, whereas mice are often used for vaccination studies.
Despite the extensive use of these animals, certain features are either unknown or
inadequately characterized, although a number of aspects of the mouse and rat gas-
trointestinal (GI) physiology have been reviewed by Kararli (1995). During our inves-
tigations into pH-responsive drug release at different locations in the gastrointestinal
tract, and into colonic vaccination, we identified several key elements of gastrointesti-
nal physiology that needed clarification to enable the use of rat and mouse models in
the in-vivo studies. These were the pH and fluid content along the gastrointestinal
tract, the stomach volume and the presence of lymphoid tissue in the colon of the
animal models.

The pH in the gastrointestinal tract is a crucial factor, affecting the stability and solu-
bility of drugs and their absorption through the mucosa; unsuitable pH may cause the
precipitation of acidic or basic drugs from solution, or the degradation of labile com-
pounds. In addition, enteric-coated drug delivery systems for modified or targeted drug
release are increasingly being investigated, for example using polymers such as
polymethacrylate- and cellulose-based enteric coatings, which dissolve only when the
pH of the environment exceeds a threshold level. In such a situation, knowledge of the
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64 Emma L. McConnell etal

gut pH of the experimental animal is critical. Previous
reports on the pH of the rat gastrointestinal tract are con-
flicting (Smith 1965; Ward & Coaes 1987), while reports of
pH in the mouse small and large intestinal tract were not
found.

The fluid content of the gastrointestinal tract is another
critical factor in the dissolution of drug from a dosage
form, and the dispersion of solid-dosage forms. Lomas &
Graves (1999) and Schiller etal (2005) suggested that
water in the gut lumen of man was not homogeneously dis-
tributed; this implied that a dosage form would be in con-
tact with varying amounts of fluid or indeed none at all
during its passage through the gastrointestinal tract. To
enable better animal study design and extrapolation to man,
or to better explain dosage form/drug behaviour in the
rodent model, knowledge of the water content in these
animals is important.

In this study, we have investigated the stomach volume,
fairly crudely, to give a rough indication of the volumes that
may be administered orally to the animal models. To our
knowledge, there are no reports of mouse and rat stomach
volume, although maximum volumes to be administered by
the oral route have been suggested (Wolfensohn & Lloyd
1994). Gelatin capsule shells and mini-tablets have been
administered to rats (Hu etal 1999: Wong etal 2006).
Knowledge of the animal stomach volume would enable
calculation of dosage form:stomach volume ratio, which
would give an indication of the likely fate of the dosage
forms, with respect to disintegration and drug dissolution
and absorption.

In our laboratories, we are also investigating colonic
vaccination as it may have different applications to the
more commonly studied oral vaccines, which are expected
to be processed mainly by the small intestinal immunolog-
ical system. Like the small intestine, the colon contains
gut-associated lymphoid tissue. In man, there are approxi-
mately 339 Peyer’s patches (Comes 1965) in the small
intestine, and approximately 12 000-18 000 follicles in the
large intestine (Langman & Rowland 1986, 1992: Gebbers
etal 1992). Presence of such a large number of follicles in
man’s colon implies the feasibility of vaccine uptake and
processing in the colon. Very little is known, however,
about colonic vaccine uptake, although significant differ-
ences between the large and small intestinal immunologi-
cal environments have been reported. For example, a
predominance of IgA2 cells over IgA1 cells is seen in the
colon (as in the rectum and in the female genital tract) in
contrast to a predominance of IgA1 cells in the small intes-
tine (McGhee etal 1999). Other benefits of colonic target-
ing include the decreased proteolytic activity which may
be beneficial for sensitive antigens and the higher transit
time, which could lead to prolonged antigen contact with
the lymphoid tissue and thereby increased uptake. Before
mice and rats can be used in studies on colonic vaccina-
tion, the presence and density of lymphoid tissue in the
colon must be established. Although the lymphoid tissue in
the small intestine of mice and rats has been well quanti-
fied (Hillery etal 1994; Florence et al 1995; Abe & Ito
1977), the lymphoid tissue in the large intestine has not,
and has been reported here.

Materials and Methods

Animals

All procedures were approved by the School’s Ethical
Review Committee and were conducted in accordance with
the Home Office standards under the Animals (Scientific Pro-
cedures) Act 1986.

Adult female Balb/c mice (18-22 g) and adult female Wis-
tar rats (160-190g) were purchased from Harlan Olac Ltd.
The animals were fed on Teklad Global 18% Protein Rodent
Diet, from Harlan Olac Ltd.

Preparation and dissection procedure

Groups of animals (n=5-8) were fasted overnight with free
access to water, while other groups were allowed access to
food and water at all times. The mice were killed by a Schedule
One method (CO, asphyxiation), after which the intestinal tract
was immediately removed and divided into sections: the stom-
ach, the small intestine (into three sections approximating to
the duodenum, jejunum and ileum), the caecum and the colon
(into two sections approximating to the proximal and distal
colon). Subsequently, the pH, water content and lymphoid tis-
sue density of the different sections was measured as follows.

Determination of pH of gastrointestinal contents

The contents of each gastrointestinal section were removed,
mixed and the pH was determined using a pre-calibrated pH
211 Microprocessor pH Meter (Hanna Instruments). pH
measurements were taken a total of three times with the gas-
trointestinal tract contents being re-mixed, the pH meter
being washed with distilled water and the calibration checked
between measurements. An HI 1333 probe was used, with a
spherical tip (diameter 7.5 mm); it was ensured that the sam-
ple covered the probe tip, and a stable reading acquired. The
order in which the pH of the different gastrointestinal tract
sections was read was varied within each group to minimize
any influence of post-mortem time on pH.

Determination of pH of standard rat/mouse chow

To determine the influence of the animal feed on the pH of
the gastrointestinal contents, the pH of standard rat/mouse
chow was measured. Three pieces of standard mouse/rat
chow (9.17 g) were mixed with 10mL of tap water until the
food pellet had disintegrated, and the pH of the resulting mix-
ture was measured using the same pH meter.

Determination of water and solid contents of the
gastrointestinal tract

To determine the gastrointestinal water and solid contents,
the wet mass of the section contents was recorded, followed
by lyophilization (Virtis-Advantage Freeze Drying Appara-
tus, Virtis, UK), measurement of the dry mass and calculation
of water content.

Determination of stomach capacity
Approximate values for the volume of the mouse and rat
stomach were determined by filling the stomach with distilled
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water, and observing the results. The aim was to produce a
rough estimate, as the method could only give a crude assess-
ment of the volume, and was subject to investigator bias. The
stomach, hand-held shut at the pyloric opening, was filled,
using a syringe, via the oesophagus until it was considered to
be comfortably full, with no obvious stress on the tissue (1),
stretched (2), or to the point of bursting (or could no longer be
filled) (3).

Determination of lymphoid tissue patches along

the gastrointestinal tract

The method of Langman & Rowland (1986) was used. The
emptied gastrointestinal sections were placed into glass vials
containing 20mL 10% v/v aqueous acetic acid and incubated
overnight in the refrigerator. Acetic acid was used as it
enhanced the visualization of the lymphoid tissue. The fol-
lowing day, the gastrointestinal tract sections were removed,
opened lengthways, blotted dry and photographed, and the
numbers of individual lymphoid follicles and patches (collec-
tions of follicles) were counted. The mean number of patches
or follicles per cm was calculated from the data for the
individual animals.

Statistical analysis

The data gathered from mice was analysed using parametric
tests. The influence of fed (n=8) and fasted (n=7) states on
mouse gastrointestinal pH, and water and solid contents were
analysed using Student’s Independent f-test. Differences
between gastrointestinal tract sections for pH and water con-
tent were analysed using one-way analysis of variance, with
post-hoc analysis using Tukey’s test.

The data obtained from rats was analysed using non-para-
metric tests, as the data did not fulfil the assumptions required
for parametric tests. The influence of fed (n=5) and fasted
(n=35) state on rat gastrointestinal pH, and water and solid
contents were analysed using the Mann-Whitney U-test. The
differences between gastrointestinal sections for pH and
water content were analysed using Kruskal-Wallis, with
Nemenyi’s post-hoc analysis.

All tests, apart from Nemenyi’s test were carried out using
SPSS Version 14.0 statistical software package. Nemenyi’s
test was conducted as described in Jones (2002). Results were
considered statistically significant when P <0.05.

Results and Discussion

The pH along the gastrointestinal tract of mice
and rats

The pH of the contents of the different gastrointestinal sec-
tions of fed and fasted mice and rats are shown in Figures 1
and 2, and in Table 1. The standard deviations showed varia-
bility between individuals. Such variability has been
observed in man (Evans etal 1988; Fallingborg etal 1989).
The lowest pH was seen in the stomach, in both rats and mice.
In both animals, the stomach pH appeared higher in the fasted
state (3.9 compared with 3.2 in rats and 4.0 compared with
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Figure 1 pH values along the mouse gastrointestinal tract. Mean and
error bars are shown.

—0—Fed rats (n=5)
8 - —&— Fasted rats (n=5)

Figure 2 pH values along the rat gastrointestinal tract. Mean and error
bars are shown.

3.0 in mice), although the difference was only statistically
significant in the mouse. Higher pH in the fasted state was
surprising given that, in man, the fasted gastric pH is lower
than the fed gastric pH (fasted pH 1.7 increasing to 5.0 after
meal ingestion in healthy subjects (Dressman et al 1990;
Russell etal 1993)) due to the buffering effects of food
(Malagelada etal 1976). However, this was dependent on the
meal type, with high protein meals having increased buffer-
ing effect over an isocalorific carbohydrate meal (Richardson
etal 1976). In this study, the mice and rats were fed on a
standard low protein (18%), low fat (5%) diet. The low
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Table 1 The pH values of the mouse and rat gastrointestinal tract
Gastrointestinal
section PH mean (s.d.)

Mice Rats

Fed Fasted Fed Fasted
Stomach 298(0.3) 4.04(0.2) 3.20(1.0) 3.90(1.0)
Duodenum 4.87(0.3) 4.74(0.3) 5.00(0.3)  5.89(0.3)
Jejunum 4.82(0.2) 5.01(0.3) 5.10(03)  6.13(0.3)
Ileum 4.81(03) 524(0.2) 594(0.4) 5.93(0.4)
Caecum 4.44(02) 4.63(0.4) 5.90(0.4) 6.58 (0.4)
Proximal colon 4.69(0.3) 5.02(03) 551(0.5 6.23(0.4)
Distal colon 4.44(0.3) 472(02) 577(0.5)  5.88(0.5)

protein content of the animals’ diet could be responsible for
the absence of a food buffering effect. The pH of rat chow in
water was 5.86+0.06 and was therefore not responsible for
the lower pH observed in the fed state. In addition, while the
reasons for the difference between man and rodents are not
clear, it is obvious that during experiments in man, fed and
fasted states can be controlled more closely. In contrast,
although the fed-state mice have free access to food, it is not
known at what time they last ingested food, and in what quan-
tity, and the immediate buffering effects of food may not
have been observed.

The pH of the small intestinal contents also appeared to be
higher in the fasted state than in the fed state, but this was not
statistically significant in rats or mice. This suggested that the
fed state of the animal had no effect on intestinal pH, which is
similar to the situation in man, where the small intestinal and
colonic pH are variable, but differences are not largely asso-
ciated with the fed or fasted states (Kalantzi et al 2006). As
expected, the small intestinal pH was higher than the gastric
pH, due to the secretion of pancreatic juice and buffering with
bicarbonate ions. In mice, there was a small drop in pH in the
caecum. This may be associated with the increased presence
of short chain fatty acids produced by bacterial polysacchari-
dases, bacteria being present in greater numbers in the cae-
cum. Such a pH drop in the caecum also occurs in man
(Evans etal 1988). Overall, the mean intestinal pH of both
mice and rats does not reach the pH values reported in man
i.e. 7.5, 6.4 and 7 in the distal small intestine, caecum and
colon, respectively (Evans etal 1988).

The stomach pH values for the rat and mice were similar
to that reported by Smith (1965). In contrast, the mean intesti-
nal pH values of both animals were lower than expected and
did not reach the values of pH 6-8 that have been reported in
the literature for rats (Smith 1965; Ward & Coates 1987),
though some individual rat pH values were found to be above
pH 7. Differences in the methodology may help explain the
different values obtained. Smith (1965) mixed distilled water
with rat gut contents, while Ward & Coates (1987) inserted a
pH probe into sections of excised rat gastrointestinal tract. In
our investigation, mixing of undiluted contents was carried
out, which may be more representative of the pH that a drug
or delivery system is exposed to, due to the continually

moving intestinal contents. To our knowledge, this is the first
report of the pH of mouse intestinal tract contents.

The low intestinal pH in mouse and rat has implications
for the in-vivo testing of oral pharmaceuticals in these animals.
For example, drugs which require a basic pH to dissolve may
precipitate at the lower pH values seen in the mouse or rat.
This may prevent drug absorption and pharmacokinetic
extrapolation to man would be inaccurate. The lower pH seen
in mice and rat gastrointestinal tract also has implications
when pH-responsive drug carriers are being investigated. For
example, the pH responsive polymethacrylate polymers such
as Budragit S and FS, which dissolve at pH 7.0, but are water-
insoluble at lower pH, are being investigated to target drug
release to the distal intestinal tract e.g. for the treatment of
diseases such as ulcerative colitis (Basit 2005; Ibekwe etal
2006). The low pH values for the mouse and rat gastrointesti-
nal tract shown in this paper (pH <7.0) suggest that rats and
mice may not be the most appropriate models for the study of
PH sensitive dosage forms targeted to the human lower intes-
tine and colon, where pH is often greater than 7.0.

The water and solid contents of the mouse and
rat gastrointestinal tract

The contents of the gastrointestinal tract are generally semi-
solid. Water, either ingested or secreted, exists as fluid in the
gastrointestinal tract. In this study, we measured the water
content by freeze drying; the solid and water contents of the
gastrointestinal tract of mice and rats are shown in Figures 3
and 4, respectively. As expected, total contents of the gas-
trointestinal tract were greater in rats than in the smaller mice.
There were more solid contents in the fed rat gastrointestinal
tract than in the fasted rat. Water content was also higher in
the fed state, possibly due to increased secretions and water
bound with the ingested food. The total amount of water
present in the rat gastrointestinal contents was similar to that
reported by Cizek etal (1954), who measured water by evap-
orating gastrointestinal contents to dryness and reported that
gut water represented 1.8% (fasted) and 4.5% (fed) of total
body weight (198-232 g) of female rats. In the mouse, differ-
ences between the total solid and water contents were less
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Figure 3 Water and solid compositions of the mouse gastrointestinal
tract contents. Mean and error bars are shown.
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Figure 4 Water and solid content of the rat gastrointestinal tract
contents. Mean and errors bars are shown.

obvious between the fed and fasted states, the small quantities
making it more difficult to ascertain differences. As expected,
the water concentration decreased along the length of the gas-
trointestinal tract from 82% w/w of the small intestinal
contents to 71% w/w in the colon in rats, and from 74 to 67%
w/w along the same segments in mice. The decreasing water
content was observed visually as an increase in the viscosity
of the gastrointestinal contents.

In Figures 3 and 4, the most striking observation was the
very low levels of fluid present along the gastrointestinal
tract, the total mass of water in the mouse gut being less than
ImL (0.98+0.4mL fed, 0.81+1.3mL fasted). In experi-
ments where mice are orally dosed with solid or semi-solid
drug delivery systems, the latter may not come into contact
with enough fluid to disperse and/or dissolve. The rat seems a
more appropriate model for the dissolution of drug delivery
systems, which require contact with sufficient water. The
larger water content in the fed rat (7.8+1.5mL), compared
with the fasted rat (3.2+1.8mL) suggests that if a dosage
form is being investigated in the rat model, it may be benefi-
cial to deliver it in the fed state, although interactions of food
with drug or with dosage form may mean that this is not
appropriate in all circumstances.

To compare with human data, the mass of rodent intesti-
nal contents with respect to total body mass has been calcu-
lated. In man, the total large intestinal (colonic and caecal)
water content post-mortem was found to average 187 g, or
26gkg™! body mass assuming a 70-kg body weight. For an
average rat (175g), the average (fed and fasted) colonic
water content was 7.14 g kg™' or 16.9 g kg~ when the cae-
cum was included. For an average (fed and fasted) mouse,
the values were 7.8 g water kg™! body weight and 16.3 g kg™
when the caecal contents were counted. In man, the small
intestine has been reported to contain a total of 206 g water
or3.8¢g kg_' (Gotch etal 1957). This compared with 11.1 g
water kg™ body weight in the rat small intestine, and 16.5 g
water kg~! body weight in the mouse small intestine. The
same authors found 118 g water in the stomach or 22g
water kg™' body weight. In our study, the corresponding
values were 3.2g kg™' in rats and 8.5g water kg~' body
weight in mice. Thus, when the values were normalized to
take into account total body mass, more water per kg body

weight was found in the gastrointestinal tracts of the mouse
and the rat than in man.

Interestingly, although the total water content reported
in the small and large intestine in man was high (206 g
(Gotch 1957) and 187 g, respectively (Cummings etal 1990)),
Schiller etal (2005), using magnetic reasonance imaging,
measured a median free fluid volume of 105+ 72 mL (fasted)
and 54+41mL (fed) in the small intestine, and 13+12mL
(fasted) and 11+26mL (fed) in the colon. These values
indicated that most of the gut water was in the bound state.
This suggested that only a proportion of the water content
was available for drug or dosage form dissolution, and the
same is likely to be true of the water content in the animal
models discussed.

The volume of the mouse and rat stomach

Drug or vaccine formulations are often given to experimental
animals by oral gavage. Consequently, the volume of the
stomach is considered an important parameter for oral dosin g,
and the results are shown in Table 2. The mouse stomach was
approximately one-tenth the volume of the rat stomach.
Wolfensohn & Lloyd (1994) have suggested the upper limit
for oral dosing in mice to be 20mL kg™". Thus, for a mouse of
20 g, the maximum oral dosage volume would be 0.4 mL. For
rats, the recommended maximum is 10 mL kg™!; for a 200¢
rat this would give a dosing volume of 2mL. These values
correlate to some degree with the ‘comfortably full’ volumes
shown in Table 2, despite the fact that post-mortem results
would be likely to differ from an in-vivo situation, since
elasticity and responsiveness of gastric tissue to pressure may
be altered.

Quantification of lymphoid tissue along the
gastrointestinal tract of the mouse and rat

The lymphoid tissue along the gastrointestinal tract can be cat-
egorized broadly into, firstly, individual lymphoid follicles,
which are seen as raised white areas, and secondly into patches,
which are collections of individual follicles. In the small intes-
tine these are referred to as Peyer’s patches. No lymphoid tis-
sue was observed in the stomach. However, significant
amounts of lymphoid tissue were observed in the mouse and rat
caecum (Table 3 ; Figure 5A, B). Thus, we confirmed previous
reports on the presence of lymphoid tissue in mouse caccum
(Owen etal 1991) and have reported, for the first time to our
knowledge, the presence of lymphoid tissue in rat caccum.

Table 2  Fill volumes of mouse and rat stomach

Volume (mL (s.d.))

Mice (n=10) Rats (n=8)
1. Comfortably full 0.37 (0.09) 3.38(0.52)
2. Stretched 0.55 (0.09) 4.63 (0.44)
3. On the point of 0.71 (0.11) 6.63 (0.92)

bursting/could not be
expanded further
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Table 3 Quantification of lymphoid tissue in the intestinal tract of Balb/c mice and Wistar rats. The mean and (range) values are shown

Mouse (n=15) Rat (n=10)

Small intestine Caecum Colon Small Intestine Caecum Colon
Mean length (range) 34.5(29-39) - 11.5(9-14) 82.8(70-97) - 13.9(12-18)
Mean number of patches (range) 10.1(3-15) 1.4(1-5) 11.6(7-15) 9.4(7-15) 1.2(1-2) 3.8(2-11)
Mean number patches cm ™! 0.3 - 0.8 0.33 - 0.3
Mean number of follicles (range) 57.5(22-80) 18.1 (9-26) 39.4 (18-54) 207.5 (142-273) 13.5 (8-26) 38.6 (16-83)
Mean number follicles per patch 5.7 12.9 34 30.6 12 28.5
Mean number follicles cm™ 1.6 = 34 2.1 = 3.4

Figure 5 Lymphoid tissue patches in the (A) caecum of a Balb/c mouse (scale bar= 10mm), (B) caecum of a Wistar rat (scale bar= 10 mm), (C)
colon of the Balb/c mouse (left proximal; right distal) (scale bar=10mm), (D) colon of the Wistar rat (left proximal; right distal) (scale bar = 10 mm).
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The numbers of Peyer’s patches in the mouse and rat small
intestine (Table 3) were similar to those reported in the litera-
ture: 6-12 Peyer’s patches in mouse small intestine (Abe &
Ito 1977) and 15 Peyer’s patches in the rat small intestine
(Hillery etal 1994; Florence et al 1995). The values for the
number of lymphoid patches in the mouse colon, however,
are slightly less than a previously reported value of 1.4
patches cm™! (Owen etal 1991).

Examination of lymphoid tissue density along the gas-
trointestinal tract revealed that in rats and mice, Peyer’s
patches were distributed randomly along the sections of the
small intestine, with no predilection for a particular area
(P>0.05). Examination of the three small intestinal sections
(roughly duodenum, jejunum and ileum) within each animal
showed that there were similar numbers of patches and folli-
cles per cm, in all three sections (data not shown). Similarly,
there was no difference between the number of patches per
cm in the proximal and distal colon (P>0.05), which corre-
lated with the random distribution reported in man (Langman
& Rowland 1986). Photographs illustrating the random distri-
bution of patches in the mouse and rat colon are shown in
Figure 5C, D.

There were, however, differences between the quantity of
lymphoid tissue in the small intestine and colon. In mice, the
number of patches in the small intestine and colon were simi-
lar, but the number of individual follicles was much greater in
the small intestine. However, taking into account the lengths
of the respective sections, there were actually more follicles
and patches per cm in the colon (P < 0.05). In rats, there were
significantly more patches and follicles in the small intestine,
relative to the colon. Taking into account the large differ-
ences in intestinal tract length in the rat, similar numbers of
patches per cm were seen between small intestine and colon
(P<0.05), and more follicles were found per cm in the colon
(P<0.05). Mouse colonic lymphoid patches tended to be
smaller, containing fewer follicles than small intestinal ones,
In contrast, rat lymphoid patches were of similar size in both
the small and large intestine. The rat lymphoid patches were,
in general, larger than mouse patches and contained a greater
number of follicles. The presence of lymphoid tissue in the
colon of mice and rats confirms that these animals could be
used in colonic vaccination studies.

Conclusion

pH values of the small and large intestinal contents in mice
and rats were lower than previously reported, and were lower
than the pH levels in man. This has implications for the use of
rats and mice in testing of drug formulations, such as pH-
responsive drug carriers. The very low levels of fluid present
in the mouse gastrointestinal tract cautions against the use of
mice when drug dissolution from an oral dosage form is
examined. The higher water levels in the rat, especially in the
fed state, shows that the rat would be a more suitable animal
model. Colonic lymphoid tissue was quantified and compared
with small intestinal tissue, in both rats and mice. The signi-
ficant quantity of lymphoid tissue in the colon in both animals
highlights the colon as an immunologically important organ
and shows that colonic vaccination may be studied in these

animal models. Finally, the presence of lymphoid tissue in the
mouse caecum was confirmed and its presence in rat caccum
has been reported.
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Sounds great!

--Weihsueh
Please excuse terse responses. Sent from my iPhone

On Nov 25, 2014, at 3:35 PM, "Gibbons, Catherine" <Gibbons.Catherine@epa.gov> wrote:

Hi all, Elaine Khan at Cal/EPA had some questions on PBPK and asked Alan if he could have a quick
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Subject: PBPK Manuscript

When: Wednesday, November 26, 2014 12:00 PM-1:00 PM (UTC-08:00) Pacific Time (US & Canada).
Where: conference call

(meeting time is 3:00 pm EST)

USA Toll-Free:
Host Code:
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Bohn, Brent

From: Gibbons, Catherine

Sent: Friday, December 04, 2015 7:25 PM
To: Bohn, Brent

Subject: FW: PBPK manuscript

From: Khan, Elaine@OEHHA [mailto:EIaine.Khan@oehha.ca.gov]

Sent: Friday, December 05, 2014 2:43 PM

To: Sasso, Alan <Sasso.Alan@epa.gov>; Gibbons, Catherine <Gibbons.Catherine @epa.gov>
Subject: RE: PBPK manuscript

Thank you, Alan!

From: Sasso, Alan [mailto:Sasso.Alan@epa.gov]
Sent: Friday, December 05, 2014 11:41 AM

To: Khan, Elaine@OEHHA; Gibbons, Catherine
Subject: RE: PBPK manuscript

Hi Elaine,
I just thought I'd send this to you. This paper just came out yesterday.

-Alan

From: Khan, Elaine@OEHHA [mailto:Elaine.Khan@oehha.ca.gov]
Sent: Tuesday, November 25, 2014 2:23 PM

To: Gibbons, Catherine; Sasso, Alan

Subject: RE: PBPK manuscript

Ok, that’s perfect. Sorry to keep you guys from starting your Thanksgiving early, but duty calls! | really appreciate you
guys accommodating us with this meeting! I'll send call-in info shortly. Happy Thanksgiving!

From: Gibbons, Catherine [mailto:Gibbons.Catherine@epa.gov]

Sent: Tuesday, November 25, 2014 11:20 AM
To: Khan, Elaine@OEHHA; Sasso, Alan
Subject: RE: PBPK manuscript

Hi Elaine! 3 pm works for both of us; | can’t at noon (EST). I'll be calling in from home but that should work
fine. Thanks!

From: Khan, Elaine@OEHHA [mailto:Elaine.Khan@oehha.ca.gov]
Sent: Tuesday, November 25, 2014 2:16 PM

To: Sasso, Alan

Cc: Gibbons, Catherine

Subject: RE: PBPK manuscript

Hi, Alan.



Looks like noon or 3:00 pm your time would work better for Lauren. Hope one of those times would work for you guys
too. If not, we can keep the 1:00 pm and I'll follow up with calling info. Sorry for the change up! Thanks!
Elaine

From: Sasso, Alan [mailto:Sasso.Alan@epa.qov]
Sent: Tuesday, November 25, 2014 10:59 AM
To: Khan, Elaine@OEHHA

Cc: Gibbons, Catherine

Subject: RE: PBPK manuscript

Sure, Catherine and | are free at that time.
Just let us know the number to call.

-Alan

From: Khan, Elaine@OEHHA [mailto:Elaine.Khan@oehha.ca.gov]
Sent: Tuesday, November 25, 2014 1:49 PM

To: Sasso, Alan

Cc: Gibbons, Catherine

Subject: PBPK manuscript

Hi, Alan.

The topic of the manuscript you're currently preparing came up in one of my meetings yesterday and some folks here
had some questions that | couldn’t quite answer. | was wondering if you might have some time tomorrow (if you're even
working) to have a short meeting to discuss the paper? If so, how does 1:00 pm your time sound? Please let me know
and I'll set it up. Thanks!

Elaine

Elaine M. Khan, Ph.D.

Chief, Water Toxicology Section

Office of Environmental Health Hazard Assessment
California Environmental Protection Agency
MS-12B

P.O. Box 4010

1001 | Street

Sacramento, CA 95812

Tel: (916) 324-1277

Fax: (916) 327-7320

Email: elaine.khan@oehha.ca.gov

Please note: OEHHA is subject to the California Public Records Act. E-mail communications with OEHHA
staff are not confidential and may be produced to members of the public upon request.
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To: Elaine.Khan@oehha.ca.gov

Cc: Zeise, Lauren@OEHHA; Sasso, Alan; Rieth, Susan

Subject: Accepted: talk about proposal

When: Tuesday, April 21, 2015 1:00 PM-2:00 PM (UTC-08:00) Pacific Time (US & Canada).
Where: phone

Hi Elaine, why don’t we just use our conference line?

Thanks, talk to you tomorrow!



Bohn, Brent

From: Gibbons, Catherine

Sent: Friday, December 04, 2015 7:23 PM
To: Bohn, Brent

Subject: FW: SciPinion Survey from SOT 2015

From: Zeise, Lauren@OEHHA [mailto:Lauren.Zeise@oehha.ca.gov]

Sent: Tuesday, April 21, 2015 5:01 PM

To: Gibbons, Catherine <Gibbons.Catherine@epa.gov>; Elaine.Khan@oehha.ca.gov
Subject: RE: SciPinion Survey from SOT 2015

Interesting

From: Gibbons, Catherine [mailto:Gibbons.Catherine@epa.qoﬂ
Sent: Tuesday, April 21, 2015 1:58 PM

To: Khan, Elaine@OEHHA; Zeise, Lauren@OEHHA

Subject: FW: SciPinion Survey from SOT 2015

FYI

From: Jarabek, Annie

Sent: Tuesday, April 21, 2015 1:35 PM

To: Flowers, Lynn; Jones, Samantha; Gibbons, Catherine; Sasso, Alan
Subject: SciPinion Survey from SOT 2015

Chromium Crew

Here are the questions that | used to chair the session on SciPinion at SOT in San Diego. Rita was a panel member along
with Bette Meek and Rick Becker. The MOA presentation for each chemical went per usual with questions / comments
after each. The Poll then followed after the “section” (i.e., chemical), followed by some general queries on

SciPinion. One thing | didn’t mention was that BOTH case studies sort of got sent home with lessons learned — definitely
wasn’t a slam dunk for either.

In this case | guess after the 2 PBPK and then another after the mutagenic/non-mutagenic. We could ask for general
queries on SciPinion too which would reinforce the “we are learning what this tool provides” context. Worth a try?

Let me know what you decide?
nnce

Annie M. Jarabek

Senior Toxicologist

National Center for Environmental Assessment (NCEA)
Deputy Director

Human Health Risk Assessment (HHRA) research program
US EPA

RTP, NC 27711

Mobile (Best way to reach me): 919.637.6016



Office: 919.541.4847
Email: jarabek.annie@epa.gov

é Go Green - print this email only if necessary



Memorandum

To:  Ambuja Bale, Hui-Min Yang

From: Julie Stickney, Heather Carlson-Lynch
Date: July 22, 2009

Re:  Foreign language studies of n-butanol

This memorandum is intended to inform EPA of several n-butanol studies published in foreign
languages so that EPA can consider whether to translate the papers. In addition, SRC would like

to note that the RTI (1985) oral subchronic rat study provided to SRC is missing data tables.

A number of foreign language references were identified by tree-searching reference lists during
preparation of the draft report for n-butanol. Below is a list of aéute-duration animal studies
published in languages other than English, and summaries of subchronic, chronic or
reproductive/developmental studies that are only available in foreign languages. Because several
other acute-duration animal studies are available, SRC does not recommend translation of the
acute studies. Brief information on the acute-duration foreign language studies (based on

secondary sources) will be added to the report.

Several of the longer term studies are also of limited utility. Of the longer term studies, only
Bariliak et al. (1991) appears to be of adequate quality to consider translation. SRC seeks EPA
technical direction on the use of the foreign language papers shown herein. Pending further
instruction, SRC will use the summaries provided below (derived from secondary source

information) in the toxicological review as placeholders.

Acute Duration Animal Studies:

EGOROV, Y.L. (1972) Dependance of dermal toxicity of alcohols on solubility index:
oil/water. Toksikol. Gig. Prod. Neftekhim YaroslL., 98: 102.

DUBINA, O.N. & MAKSIMOV, G.G. (1976) [Testing the use of golden hamsters in
toxicological research.] Gig. Tr. Ohkhr. Zdorov'ya Rab. Neft. Neftekhim. Prom-sti, 9: 100-103
(in Russian).



RUMYANSTEV, A.P., LOBANOVA, .YA., TIUNOVA, L.V., & CHERNIKOVA, V.V.
(1979) [Toxicology of butyl alcohol.] Khim. Prom.-st. Ser. Toksikol. Sanit. Khim. Plastmass, 2:
24-26 (in Russian).

LENDLE, L. (1928) [Investigations on the speed at which homologous and isomeric
monovalent alcohols produce narcosis. ] Naunyn-Schmiedeberg's Arch. exp. Pathol. Pharmakol.,
129: 85 (in German).

SAITO, M. (1975) [Studies on the metabolism of lower alcohols.] Nichidai Igaku Zasshi, 34(8-
9): 569-585 (in Japanese).

Subchronic, chronic or reproductive/developmental studies:

BAIKOV, B.K. & KHACHATURYAN, M.Kh. (1973) [Hygienic assessment of the reflex
action on a body of small concentrations of butyl alcohol in the atmosphere.] Gig. i Sanit., 12: 7-
11 (in Russian).

Bariliak, IR; Korkach, VI; Spitkovskaia, LD. (1991) [The embroyotoxic effects of monohydric
alcohols] (Russian). 22(1):71-75.

SAVELEV, AL, BABANOV, A.G., SKOBEL, N.A., & TROITSKAYA, L.A. (1975) .
[Adaptation reactions of white rats after prolonged administration of small concentrations of
butyl alcohol.] In: Zaikina, M.G., ed. [Pathophysiology of the cardiovascular system, ]
Yaroslav, Yaroslav Medical Institute, pp. 59-62, 76-80 (in Russian).

Seitz, B. (1972) [Occurrence of serious vertigo after handling of butanol and isobutanol: three
cases] (French). Archives Mal Prof Med Trav Secur Soc 33:393-395.

KOLESNIKOV, P.A. (1975) [Adaptation to butyl alcohol.] Gigi Sanit., (5): 104-105 (in
Russian).

RUMYANSTEV, A.P., LOBANOVA, 1.YA., TIUNOVA, L.V., & CHERNIKOVA, V.V.
(1979) [Toxicology of butyl alcohol.] Khim. Prom.-st. Ser. Toksikol. Sanit. Khim. Plastmass, 2:
24-26 (in Russian).

Summary of foreign subchronic, chronic or reproductive/developmental studies:

Seitz (1972) (published in French, no abstract, limited translation completed by SRC) described
several cases of vertigo in laboratory employees exposed to n-butanol and/or isobutanol vapors.
A total of seven cases were described briefly; three cases were reported to have exposure to n-
butanol and the remainder to isobutanol. Of the three exposed to n-butanol, two reported no

symptoms; one was a chemist exposed approximately one-half day per week for one month, and



the other had been exposed for less than a year (frequency not reported). The third was a
photographer who was exposed to n-butanol approximately two to three hours per day in a dark
room over the course of one year. This subject reported stomach symptoms (nausea and
bloating) as well as vertigo. He was ultimately diagnosed with Méniére’s-type vertigo. No other

information (e.g., exposure levels or follow-up information) was given in the report.

Bariliak et al.(1991) was published in Russian with an English summary (no study details). A
detailed summary of this reports was provided in the Cosmetic Ingredient Review Expert Panel
report on n-butanol (McLain, 2008). According to (McLain, 2008), groups 10-16 white rats
(weighing 160-180 g, strain not specified) were given various alcohols (methanol, ethanol, n-
butanol, nonanol, and decanol; purity not given) by gavage (1 mL of 40% solution in water) from
GD 1 through 15. Without information on the body weights of the pregnant rats, estimating a
dose associated with the administered solution of n-butanol is difficult. Assuming a body weight
0f 0.250 kg, a dose of about 1600 mg/kg-day would be estimated. However, the estimated dose
is highly uncertain. Controls (20 rats) were given water alone. At sacrifice on GD 20, the
numbers of corpora lutea and live and dead fetuses were counted. The review did not discuss
any maternal evaluations. Toxicological evaluations reported in the secondary source include:
fertility index (description not provided), number of implantations, percent pre- and
postimplantation losses, and number of live fetuses. In addition, alcohol dehydrogenase activity
was measured in livers excised from selected fetuses (1-2/litter). According to (McLain, 2008),
these measurements were performed daily on fetuses from GD 16-21 and on PND 1, 3, and 20; it
is not clear whether separate groups of animals were used for these assessments. According to
the review, treatment with n-butanol resulted in significant (p<0.001) increases in the percents of
pre- and postimplantation losses and in total fetal deaths. A decrease in the fertility index of
treated animals was reported in the review (6.5% vs. 9.7% in controls; statistical analysis not
reported). In addition, ADH activity in fetal livers, which was at its highest level on GD 20, was
reduced 77.6% at this measurement in offspring of dams exposed to n-butanol. No other

information was provided in the review or in the English summary in the publication.

Several secondary sources reviewed a group of studies published in Russian, most without

English abstracts or summaries. Information on study design and findings is available from the



secondary sources. None of the secondary sources reported details of exposure chambers, vapor
generation systems, animal strains or sexes tested, number of animals testeci per group, presence
or absence of untreated or sham-treated control groups, toxicological evaluations, or in most
cases effects associated with specific concentrations. According to the reviews, Baikov and
Khachaturyan (1973) exposed rats to 0.09 or 21.8 mg/m* n-butanol (0.03 or 7.1 ppm)
continuously for 92 days (reviewed by WHO, 1987 and MOE, 2007). WHO (1987) and MOE
(2007) reported that exposure to 0.09 mg/m* was without effect. At 21.8 mg/m® n-butanol,
effects included decreased RNA and DNA in blood, increased leukocyte luminescence, increased
diastase activity, decreased catalase activity, and increased transport of n-butanol across the

blood:tissue barriers in the testis, spleen, and thyroid (WHO, 1987; MOE, 2007).

Savalev et al. (1975) exposed rats to 218 mg/m’ n-butanol (71 ppm) for five hours/day, six
days/week, for six months (reviewed by WHO, 1987 and MOE, 2007). Effects noted in the
treated animals during the first two months included decreased oxygen consumption and delay in
restoration of normal body temperature after cooling. During the following four months, these

effects were resolved (Savalev et al., 1975, as reviewed by WHO, 1987 and MOE, 2007).

Kolesnikov (1975) exposed mice continuously for 30 days to concentrations of 13.6 or 40.01
mg/m* (2.1 or 13 ppm) (reviewed by WHO, 1987 and MOE, 2007). Decreased sleeping time
was reported as the only effect (Kolesnikov, 1975, as reviewed by WHO, 1987).

Rumyantsev et al. (1979) exposed albino rats and mice to butanol via inhalation at
concentrations of 0.8, 6.6, or 40 mg/m’ 24 hours/day for four months (reviewed by WHO, 1987
and MOE, 2007). In the English summary, the study authors reported that the low concentration
(0.8 mg/m3), while “effective,” resulted in “no pathological shifts in vital functions of the body”,
while concentrations of 6.6 and 40 mg/m’® had “an unfavorable effect on experimental animals”.
The study authors recommended an “ineffective concentration” of 0.1 mg/m® for 24-hour
exposure. WHO (1987) reported the following effects of treatment: “decreased sleeping time;
stimulated blood cholinesterase; disturbances of reflexes and neuromuscular sensitivity of the
nervous system; increased thyroid activity and secretion of thyroxine; increases in eosinophile

leukocytes in blood after injection of adreno-corticotrophin (ACTH)”. WHO (1987) did not



specify the concentrations at which these effects were observed; MOE (2007) reported that these

effects occurred at 40 mg/m’.



Bohn, Brent

From: Khan, Elaine@OEHHA <Elaine.Khan@oehha.ca.gov>

Sent: Tuesday, July 23, 2013 4:04 PM

To: Sasso, Alan

Subject: Automatic reply: PBPK model errata for hexavalent chromium

I will be out of the office from July 22nd through July 26th. | will respond to email when | return on July 29th. If you need
immediate assistance, please contact Dr. Patty Wong (patty.wong@oehha.ca.gov).

Elaine M. Khan, Ph.D., Chief

Water Toxicology Section

Office of Environmental Health Hazard Assessment
California Environmental Protection Agency
MS-12B

P.O. Box 4010

1001 | Street

Sacramento, CA 95812

Tel: (916) 324-1277

Fax: (916) 327-7320

Email: elaine.khan@oehha.ca.gov
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- & wocana cyObexTnBHHR xapaxrep. Hacrosmwfi meroa, no-BHANMOMY, MOXKHO

HCMIONIL30BATDL B KOMMJAEKCe € APYTHMH I valie B DHae BCNOMOT 3TENbHOTO

b ACTONA.

OCHOBHIBAACH HA 1IMEROMENC R peanbHoM OnuTe, MOXIIO PCKOMCIIAOBATD

«) KOMIIEKCHOe HCNOJIb3OBANRE NEPEYlCIeHHLIX DHILe 1 POrHOCTHUECKNX METOAOB

W CAE1YIoUYI0 NOCAeRoBaTeNbHOCTD AeficTBHA NPH NPOrHO3HpPOBaN B TREHENHE.

(s 1. Pa3paGorxa 3ajianua Wa npornos. OTsetcTnennbie 3a paspaGotky mnpo-

THO33 OpPraHN3auMH W JKUA NOMKHB ONpeNesnTh OGLEKT MPOrHosHPOBAHAR
{untpoty OoxBaTa ero), yKasaTh BpeMs YNpemAEHHA MPOrHOCTHYECKNX OHEHOX
H GOpPMB HCMOAKIOBAHAA PESyNLTATOB MPOTNOSA.

2. MpeanpornocTHyecKas OPHENTHPOBKA. YscHennwe paGounx aeraneft
3223HNR Ha NPOTHO3: OPraKAsauHa cBopa weoGxoammofl s paGoTh HHdopMa-
UM, MPeABaPHTEABNOE TIISTENLHOE O3HAKOMJEHHE C HMEIOUHMICH HAYTHEIMU
of30pamil, IHTEPATYPHLIMI AGHHWMH ¥ NPOTHOCTHYECKHNI OUCHKAMN, OTHO-
CAIIBMHCK K AAHBOMY OGBEKTY NpPOTHOSHPOBAHMA; COCTAB/NEHHE MaKCHMAAb-
HO JCTANH3WPOBBHHOTO nAana paGoTe MO MPOrKosipoBanmo. TulatenbRo
nponyMaENWR TAaH  paloTh  ABARETCA  SAAOIOM  BLICOKOKARCCTBEHHOMO

~—— nporxesa.

3. ARanu3 TeREERUAA M OmEHKAa YDOBHR HAYHUHO-TEXHHUECKOTO pasnirrnn.

8' C storo stana HagamaeTcA COGCTBEHMO NMPOTHOCTHUECKAn AesreasnocTs. Tloa-

rOTOBASETCS CHRTETHUCCKHA 0020p TeRAeHNMA PasBHTHA B NPOILNIOM i HECTO-

V") mmexn. Bechata BaXHWM ABARETCA CPABHATENLHAS OUEHKA YPOBHR HAYWHO-
m nxn:uecnoro PESBHTNA THIHEHB B PASHNHBIX CTPanax MHpa.

METPHUM «uenb — cpeacTsa», Ha stom 3rane npepnarawor-
CA 1O BOSMOXHOCTH OGBEKTHBHME H AOTHYECKN HENPOTHBOpeawBbic (GopMY/IH-
POBKH reHepanbuoft UeAH PA3IBHTHA NPOTHO3HPYEMOro o6beXTa, OCHOBILIX NOA-

stentefl KORKPeTHNX nyTefl, PEAYHX K FeRepaAbHoll ueaH, apceHana NMpHALH-
NHAJBRO BOSMOXMKHLEIX HENPABACHHA HAYYHO-TEXHHYECKHX paGoT, KOTOpHE MO-
TYT NMOCAYMHTL CPEACTBON ROCTUIKEHHA TeX HAH HHBLIX NORuenefl, a Tem cawbiM
i coaeficTBOBETL AOCTINKERNIO FeHepanbHofl uenn. PexoMenlyerca cocrasrenne
cneunansioll MATPHUE, KAETKR KOTOpoR B AanbhefilleM 3anoANAIOTCH CBefie-
HHAMR W OLEHKAMM COOTBETCTBYIOUIMX 4BECOBLIX» KOMPPHHUREHTOB BEPOATHO-
creft coutufl. ToT STAan HMeeT upesBHYAfiHO BaXKHOE 3HAYEHNE ANA ycrnexa
scefi nanvnefimedl paGorhi.

5. BufiBAeHRe M AHAAN3 BOSMOMHOCTER HCIOJbL3OBAHHA HAYIHO-TEXHH-
weckoro nporpecca. OCYuIeCTEACHHE PAHIKMPOBKH NOAYYEHNOTO CRINCKA KAI-
HeEbiX COOMTHA NO HX CTROCHTENLROR 3WAUHMOCTH ANR H3MEHeHNA canuTaphok
CHTYaURH U PA3BHTRRA THIHEHAYECKOR HAYKH.

6. DOPMYAHPOBKA BOSMOXHOR NOCAEAOBATENBHOCTH TEX HAH IHBIX TPynn
W KJIOYeBHX #ft, yBA3Ka MX B THAOTETHYECKNE CETH NPOrPamMM pabor.
Baxnas 3a1aya 1070 3Tan3 padoT — BEPORTHOCTHAS OUEHKA Mephi PCANbHOCTH

M NPeInoNaraeMux CPOKOB OCYIMECTBAEHMA NPOTHO3HPYEMBIX cobnmnit.

7. Onpeneneniie Tpebosannf, OUERKA MOCAGICTBHA 3t NEPCHEKTND Pa3BR-
THA THrHEHNYecKoft HayKH B CBASH C Pe3y/bTaTamit NPeAHAYWEro sTana pa-
Gor. BaKMBIM NpH 3TOM ABASETCA YKPYNHeHHad OUEHKA pecypcos, HeoGXOXH-
MBIX 1A LOCTHEHHS DAIHYHHMH NyTAMH TeX HAN HAHX uenefl nayyno-rex-
a 3TOft CTAAMK NPOTHO3H PA3BHBAIOTCA B €OPraHH3aUR-
ONHKM» NPOTRO3, CYINECTBENHEA WACTb KOTOPOTO — PEMICHNE 3ANAYN  ONTH-
MaZbHOTO ofecmeyenns il PACNPEREACHUN PECYPCOB MEKAY PadlNiibiMH npo-

HHAYECKOro pa3sBHTHA.

FHO3UPYEMHIMH HanpaBAeHHAMI.

8. ®opMynHPOBKa KOMMAEKCHOR KORULEHTPAZRH NAYYHO-TEXIMIYECKOTO pas-
eHTHPOBAHHKIX NOJOXKEHHN It onipenenen-

3n0Menne 3TOfl KOMINEHTPaIt NONMONHA-

©TCH ONHCATeNLHLIM AOKYMEHTOM THAA ecuenapin GyaAyuteros, B KOTOPOM Ha-
f JOKTPHHOM pa3nHTHs THTHEnNuecKol

HavKi, GOpMyaIpYIOTCR Hanbosiee NEPCNEKTIBILIC C TOUKI 3PCNNR NNOMNOCTR-
WECKNAX AQHHBLIX HANPABJIEHNR PAIBUTHA PAAA CMEXHHIX OTPACAEN NAYKH, TeX:

BHTHA THrHEHb B BiAe CKCTeMH apr
HBIX nokasareseft 11 napamerpos,

pAAY ¢ npeanonaraemofl CTPATErHYECKO

gnxu H rpaloCTPONTENBCTBA.
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Muorouncrennwe nccneposanns BHCIeR HepBrOA zeatenbhocTH, npose-
REHIILE 112 XHBOTHBX M uelOpeke, CEBHAETEALCTBYIOT O TOM, uTO TopmosHoR

nportece Gomce xpynkudi, wen npouecc Ro3aGymaeHnn. Hayvennio ero nocasie-
Ha creaviontan cepun Hawmx Heenenosanui,

HC B NCABHC TONM HIYICHHN Bhiciedi HepBHOA ZefteabHOCTH © aabopa-
1opHsx M. 1. TMasaooa sosunk £ONpoc 0 BOIMOMKROCTH 00pasoBakHs yCAOBHMX
KCOB BLICOKOrO Nopsaxa, T. e. TaKHX, KOTOphie BHMpabaTuBaTCH nps

NPHHATO NONITKH BLIPAGOTATH yCAOBHMA TOpMO3 H3

TIOATOPOTOBONe NO O yLIeHHIO Paznpamennn. ‘;;;"
B xote xawaoro wautero oScrexosanms ycnos. 4
Enift cnetosof pasapaxntens, Sh3HBaBumA 1BKRraTeND- 220
HYI peakumo HaGmoaaemoro, npumenancs 10 pas o
({

Prc. 3. Hamcwenne CPEAHETD CKPWTOrO BpCKCIN ABHTRTEARROR " 200
PEAKHN M HA CDET NOX BANRNNCA CALROBOID yCAOBHOTO TopMoaa
Ha ocu aGemnce — HirrencuRROCTY ofon reanioro PAARDAWEHNA (B NN~
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caaysasi or 30 a0 60 cex. B xone BRpaGoTKH ycAoBEOMO TODMO38 CBETOBOMY
Pasipaxiitenio npeautecteosano 10-cexynmioe neAcrsme sanaxa NpR nayse
MEXAY pajpaXHTENnMH, PaBHOR | cex. B ocrasbiom coxpansancy ycaoBus,
EMeBLiIHe Mecro“n npeaaymeft n;npuu mn;plmenu. I
RONOAHHTEAbION WHCTPYXUAN Habmonaenu He nosywarn,
BeAeHul Ha 3 Habmoaaeamix OK., B. g H
6w cootsercraenno papen 1, 2, TOp
M032 Hayarach ¢ 3anaxa GyTuaoporo CIHPTa B KOAUeNTDaUMI 2,5 e/u’. B xo-
A€ BLIpaGOTKI ycnonHoro TOpMO3a HaGN10A2ANCH BCe 3 NIBECTHMe $aspt — prew-
Hee TOpMONKen e, OTCYTCTBHE NeiiCTBHA NPHGaBouKOro arewta u ¢$aza ycaos-
BOro Topmoxenia. Mx BoipamenHocTs Y PA3NbIX HCMWTYeMBIX GbMia HeOANHa-
xoBoft u 3abucena or OTHOCHTeILHOR CHAB NpnGanowkoro arenTa. ’
SHEC CKPHITOE BPEMA yeaoBHoR ABHTaTeALHOR peaxuuw u ee H3NeHeHHe
TIOA BJIITHIIEM YCIIOBHOTO TOpMO3a PasHOR HHTEHCHBHOCTH noKasanw Ba pue. 3.
Bymuaoossit CHIpT B KoHueHTpPaunsx 2,5 u |5 M2/x® OKasan cratwCTivecky
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Aefictaiie noanoporoBwix mo OMYILIEHINO 32naxa KowuewTpaunfi rasa Ayaure
BMABASCICS © TEMENHOM M SaTHAOUHOM OTRefeHHAX. Kpome Toro, asnnue
®. U. NyGposckoir n CoaBT., a Taxxe O. E. Topaosofi, CBHACTEALCTEOBAIN
¢ npeimywecrse apoSirof PEFNCTPAUMT PeaKuHy Ha cretopoff Paszapamurens.

Ou0 ncnoab3obaro namm o HCCaenoBARKR 3 HabaoAaembx B BO3pa-
cre 18—28 ser. Bo spens obcnenoBannit ouu ¢ 3aKPHTLIMK Taasamu nonyne-
Xanr o Kpecie B Temmoi, 3BYKo3arayennof, IXPaNnHpoBanHOf  Kawmepe,
Mepex nmiom na6nionaemmx HAXORWICA HIOXaTenbHbii UMAHERD c paccensare-
7€M, yepes Kotopuifi mopasaaca uticrmil BOBAYX WJH rasoBas cwech CO CKo-
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gocruo 25 4 B Munyry. MomenT nepekatouena HaGmonae M fie otnyiance,
CrHCTPAuNA 3NueaAOTPaMMBl M €€ aMaAH3 OCYMIECTDAN/NCH KOMMACKOOM

. JipHGopos ¢rpmn «Orions. YcaobHem 83/PAXKHTENEM CAYXKIAML nap Oyra-

AOBOr0 CnHpTa B KoHuertpaumax 1,5, 0,7, 0,3, 0,2 u 0,1 M2, B xauecree
GeaycnoBHoro pasapaxittens Henonn3oBan PHTMHYECKI cBer ¢ uacrovoft,
ONTHMAALHO YCBAHBAEMOR KamALM HAGAIONACMBIM.

2 RaGMOZAEMHX MOMHO GMAC OTMETHTS ofpasobanne ycaosxoro ped-
AIEKCA, 1a ¥ TO B BHat HecToAXOro nepexoasmero sBAeRHs. Y Bcex
ENLIX YCAODMHA pasnpaxirend meHsA Teuenne Ge3ycOBHOrO pedwiekca. He
aeficTsylomeRt BO BCeX CAywamX oXasaxach KoHUeHTpanwns GyTnAoBOrO CRApTa,
pasHan 0,1 mefad.
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Puc. 4. Hamenenus snextpusecxofl axrannocts XOpPM rofosnoro woara y raGanonsenoro H. TL
B XORe BuPAGOTRH ycaosworo pediexca % BANANRE yCROBNOTO PASKPEMUTEAR HA
: peaxnmo.

Ha ocn aBcunce — xowuemrpaunn THACROTS crEpT ') n ODAs ==

HOTYH PDR JeAcTRAR rais ¢-p%.- :’ouw: ! — !nkf:ug.rﬂ?} —.':::u D cex. m:e’:::l:n::uﬂ':
sTopae 5 cex. defictonn rasa; 4 — <!'Nllullbpunl"l M2 creTORofl pasapamiTens. Cywmopman swaee
burorpanwa vevenmoR (A) ' isrmncwwol (5) ofascTed ROPM TONCEHOrO MOFE W BhimoseNnuA ms

Hee Tera-purm (B) B sar (N oGascref.

B kauecrse an‘ Mepa Ha PHC. 4 NpWBEAEHH pe3yALTaTH HeCaencBanuf

naGozaenoro . [1. Mopor omymenns sanaxa Gyruaoeoro CNAPTa AJR Rero

paden 1,2 se/u®, ONTHMANLHAS WACTOTA CBETOBMX MEALKAHRA — 5 2y. Kax

BRINO M3 rpadwKoB, B X0ae BLPaboTKH ycnioBHOrO pedvieRca NMpPOHCIOEAT

CasArH B cymmaphoft 30T Temennoft ofnacth (a), cymmaproR 93T sarwinounoh

?mn ((:)) H HanGoMee BLIPANEHHLIE NO AWANA3IOHY T3Ta-PHTME saThiNouHOR
Jacth (2).

Bueoau

I. Hecneaosannn atmocdepw Boxpyr xmmmueckoro xomGumara NOKa3axH,
UTO Ofia 3arpssHeHa NPOMHIEHHHIMI BLIGPOCAMH, COACPIRUUIMH napm Gy-
TRJIOBOMO cnHpTa.

2. Hceneayn TemuoBylo agantaumo raasa, XPOHOPEPAEKCOMETPINIO, SSIeK-
TPHYECKYI0 AKTHBNOCTL KOPH TONOBHOMO MO3ra, Ml YCTAHOBHAM, UTO GyTHAOBMA
CMHPT B MOPOTOBHIX W CYOCHCOPHBIX KOHUEHTPAUHTX MEHSET Tewenie uayyes-
HHX noxasarereft. HeneficTeyomeft Bo Bcex ciyuasx oxasanack Konuewr
unn Gyrarona, pasnan 0,1 mz/sx®. Ona yTBEpHKAEHA B KAauecTBe MAaKCIMANbHOR
PasoBOR npereIbHO AonyCTHMOAl KORUEHTpaumM GYTH/IOBONO CNNpTa B aTMO-
cheprom Bo3RyXe.

JTHTEPATYPA. Bofixo E.H.  Bpems peaxunyt wesnosexa. M., 1964.—
Fopanoma O.E. arsennvecxan ouenxa 3RTPAIFEHNA ATHOCGEPIOTO BOIIYXA NPH TPO-
1INOICTRE HIONPONSHOAS W CPABHHTENLNAN XAPANTEPHCTAXA ACHCTONA M| ro 1 honp
MHI0BOrG cnnprom Ha oprannam. llwcc. xauz. M., 1969.—Fopwxos C. 11 Cxpuroe
nrens pedrieKTopHux peaxukf KAk afexmaTHwA nOKA3aTens gwxunom.mmro COCTONMRY
nepaiofl ciictesu. Juce. 0kT. M., 1962.— [ly6pomckan .11 uxp. Bxn.: Marepus-
a6 Pecny6amnkanck. nayenof XOnepenitRi 10 HTOraM IHIHEHHYECKHX HCCARXOBANIHA 30 1966—
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" mocpepuiex xarpnsnennf. M., 1957, 0. 3.c. 17.— Xaaat ypaw M X, T

1967 r. Cranponom., 1969, ¢. 17.— 3 ax ycop B.B. 3mcnepumentasphinie fanmnic 1o dap-
mikoxoris ucnrpaavnof nepnnoft cucremm. Ji., 1947, c. 7.— Pasasos B.A, B yw-
tyesa K.A, Homnxon 10.B. B ku.: lNpereavho mlonmman;‘lﬁf-
ces M. U,
Tepaouna O.E. lor. wcan., 1968, M 8,c. 10l.— Xavarypauw M. X.,, Cram-
sk B. M. B xn.: Bonpocw ruriceM mimocdeproro sosayxa M DABHHPOBKN KACENEHIMWX

met. M., (968, c. 34.
Mocrynmaa 27/VI 1973 r.

HYGIENIC ASSESSMENT OF THE REFLEX ACTION ON A BODY OF SMALL

CONCENTRATIONS OF BUTYL ALCOHOL IN THE ATMOSPHERE
) B. K. Baikoo, M. Kh. Khachaturpan

A study of the light sensitivity of an eye adapted to dsrkness revealed the reflex action
of butyl alcohol at a level of ils threshold valve of smell. Memmwhile the conditioned reflex
md the encephaslographic resctions cl under the action of sensory concentrations. On
the basis of investigations rerlormtd the. authors recommend maximun siiigle time permis-
sible concentration of butyl alcohol in the atmosphere io be set st a level of 0,1 mg/m?.

YRK 614.71/.73-971610.831-091.
Mpod. A. H. Boxuna, H. 1. Incacp

AMNEKTPOSHIHONOTRYECKHA AHANIH3 AEACTBHA HEKOTOPLIX
ATMOCOEPHBIX 3ATPAHHTENER HA UEWTPANBHYIO HEPBHYIO
CHCTEMY

HucruryT obeteh ¥ xomwynanswod rarment nm. A. H. Cocnna

Myt nonuTaAnch NOAOATH K pewrenmo BONPOCa O KPHTEPHAX WeGAaronpusy-
HOMO BOINCACTBMA TOKCHYECKHX BEUIECTE Ha LEHTPANBHYIO HEPBHYIO CHCTEMY
Ha MpiMEDE NPORYKTOB GOTOXHMUNECKNX peakuft B aTmochephom BosAyxe —
osoHa mopuuuerua. Oast BLIACHERNA GYHXUNORAALHBX CABHTOB B UeH-
TPaAbHOA HEPBHOM CHCTEME 3XCITEPHMEHTRJBHLIX MWBOTHLX NOJ BOSASRCTBHEM
BHICOKAX H HH3KHX KOHUSHTPAURA YKaSaHAWX TOKCHYECKHX BemlecTs Ohi
E30Pal MeTon H3yueHRs CyMMapHofi SAEKTPRYECKOR AKTHBHOCTH PAJa CTPYK-
TYP 3103ra, ofecnednBanitHx nft OTBET WA NpHMeNseMme 3anaxoBhe
pasapaxureny (oboHATeAbHAA NYKOBHUA, NHPHGOPMHES Kopa), ® obpasosannfi,
OCYHECTBARIOUINX PEaXUNN ANaNTHBHO-NOBEACHTECKOND XaPaKTePa (THIMOKaM,
MRHAS/NHA, DETMKYAAPHAS GOPMAUMA CTDONA MO3Fa), aHA/HS PEAKUHH nepe-
CTPORKI PHTMA B OTBET Ha DHTMHYECKOE CBETOBOE PASAPANEHHE H METOX Bhi3-
BANNLIX TOTEHUHANOB (2HAAH3 KOMNAGKCA MEPBAYHHA OTBET — MeNNeHHas
OTPHUATENbHAS BOAHA — NOAAHHA oOTRer).

B110sneKTpHueCKYI0 AKTHBHOCTS CTPYKTYP TONOBHOTO MoSTa perneTprpo-
Bamy C nomoilbio 16-kananbHoro snexTposkuepasorpada dupmu «f aaHA€0s.
3ankch BLIBAMHKX MOTEHLWAAOB BeAM Ha ABYX/TYUEBOM YHHBEPCAIBHOM HHAH-
Karope «Jl32». BHHOKYASPHYI0 CBETOBYIO CTHMYASHMIO OCYMeCTBASAH cepueht
3NEPUHOAHTIECKAX HAH DHTMHYECKHX KOPOTKHX BCMIBIDEK (SHEPrHR BCNHIMIKM
1,4 dx, anureasnocts aaceera 1,2 mMCeK.). :

Dopmanbrerin  N03MPoOBAAR NO  OBWENPHANTOR Ccxeme (B. A. Pr3anon
H coapt.). [Mocrosncroo uecaeayemmx KOHUEHTPAUNA KOHTPONHPOBAJM NpH
nowomy weToAHKK M. B. Asexceesofi ¢ xpomoTponosot xmcaotoft. Oson no-
Aydann 3 GanAOHHOTO KHCJOPOAA, HCMOAB3YS 03OHATOP THMa OB-1. Tocro-
AHCTBO  KOHUERTPAUHA KOHTPOAMPOBANH HEATPANLHLIM AORMARKIM METONOM.

Ha 47 kpoankax nocrasneno oxono 500 onwrros. Mocae oKonsanms onwi-
TOB TIPOBOAR/N MOPGONOrHYECKHRA KONTPOADL 33 TOAOMERHeM 3/1eKTpoNos B
H3YYaeMbiX CTPYKTYpax Mo3ra.

M3ayuenne sxcTpenioro npumenenns (opManbiermaa W 03oma 8 onwrrax
I ceprit mpw 10-cexynanoft sxcnoauwity NOKa3asno, 4To 06a BEWECTBA BHSLBA -

0T B 38BHCHMOCTH OT KOHUEHTpAUHH ABA BKAA PeaKuMH B LENTpanbROM Hepp-
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Bohn, Brent

From: Khan, Elaine@OEHHA <Elaine.Khan@oehha.ca.gov>
Sent: Thursday, August 22, 2013 2:53 PM

To: Gibbons, Catherine

Cc: Sasso, Alan

Subject: CA Cré6 MCL

Hi, Catherine and Alan.

Fyi, California is releasing a proposed Cr6 MCL (10 ppb) for public comment.
http://www.cdph.ca.gov/certlic/drinkingwater/Pages/Chromium6.aspx

Elaine



Bohn, Brent.

From:

Sent:

To:

Cc:

Subject:
Attachments:

Hi Patty,

Sasso, Alan

Monday, March 30, 2015 8:52 AM

'Wong, Patty@OEHHA'
Elaine.Khan@oehha.ca.gov; Gibbons, Catherine
copy of SOT poster

Sasso_SOT2015.pdf

It was nice meeting you at SOT. Here is a copy of my poster from SOT.

Sorry | couldn’t find anybody else from your office—SOT is very overwhelming. It's become too big. | spend most of my

time there walking miles between posters and talks.

The moral of the story of this poster is that you can obtain the same human equivalent dose using a stomach-only
model, as you do with a whole-body PBPK. | believe whole-body PBPK is overkill for this type of problem, and site-

specific absorption rates into each Gl tissue cannot be validated.

It also shows how high pH individuals may be more susceptible. We don’t know the incidence of high stomach pH in the
population (since it’s an invasive test, usually only done when people are having Gl problems).

-Alan

Alan F. Sasso, Ph.D.

Office of Research and Development
National Center for Environmental Assessment
U.S. Environmental Protection Agency

(703)-347-0179




In vivo efficiencies of hexavalent chromium reduction in the gastric

environments of mice, rats, and humans
Sasso A.F., Schlosser P.M.

U.S Environmental Protection Agency. National Center for Environmental Ass

Introductio In vivo stomach reduction and Gl effects Food effects on Cr(VI) reduction
Hexavalent chromium (Cr(VI)) is a known human carcinogen via inhalation Reduction of Cr(Vl) in the stomach is a major source of inter-species differences. The pH of human gastric juice spikes to 6 during meals, and returns to baseline within
but less is known about human risks via ingestion. Increased incidences of Inefficient reduction results in a greater amount of unreduced Cr(Vl) persisting in 2 hours (Mudie et al., 2010, Parrott et al., 2009). Simulations were performed that
neoplasms in the oral cavity of rats and in the small intestine of mice have the small intestinal (SI) compartments (duodenum, jejunum, and ileum) incorporated these pH spikes, as well as changes in gastric emptying rate (KLSD) to
been observed in long-term drinking water bioassays (NTP, 2008). When assess the impact on average daily internal dose
ingested, Cr(Vl) can be reduced to trivalent chromium (Cr(lll)) within the S " " fi . t h reducti '
gastrointestinal (Gl) tract. Cr(lll) is thought to pose little or no carcinogenic peICIes comparison ot in vivo stomach reduction Table 2. Preliminary human extrapolation for
risk. Understanding Gl tract reduction is important in evaluating the NTP + Toxicokinetic models estimate that rats reduce an equivalent daily Cr(Vl) dose - "'“"‘"“"“3 diffuse epithelial hyperplasia in mice
cancer findings in the context of human health risk assessment more efficiently than mice (on a basis of % unreduced dose escaping stomach). | ; Pyloric s
; s : ) . i D
Available toxicokinetic models At Iow.doses, humans reduce Cr(Vi) more efficiently in the stomach than rodents, ‘ o (mglL-d) HED (mg/kg-d)
primarily due to larger stomach size, and lower pH of the human stomach | . = ol
Ik Whole-body madel * The high efficiency of reduction for humans also leads to a more rapid loss of PH=25 | so=1 PHTL qsp;

|
'\ |

| S—

—» — reducing agent at high doses
S o

| +Can estimate W 040* 012 20e2 18e2 7.2e2
absorption of Cr(Vvi1) 013t B80e2 609e3 623 25e2

e w w
Ex vivo I s b . s )
ducti e | °More complexand 5 3 Human (low-dose) )  Tmen "UF=10; UF=30 (for evaluation only; see Table 1)
teduction | data intensive 3 £ mememee smmrRESeees Simulation of dietary spikes in stomach pH.  4Defaut constant GastroPlus™ model parameters for fed human
model Gl J 2 LEEINE 5t S TS It was assumed that the 3 largest drinking PH1.: Dynamic human pH (baseline of 2.5, spikes to 6 with meals)
J"l s 4 £ == water events were associated with a meal. KLSD|: Constant low stomach emptying rate (KLSD=0.415/hr).
AN\ g 3
| 3 s 2
\7 Lr X / _ ; : Model predictions for fed humans have higher uncertainty, and may overestimate the
3 - 2 ?
Stomach Ducdenum Jejunum  fleum  *Can estimate in vivo < ¥ 2 2 human internal dose because
[ m— = P .
Cr(VI)—| >t V_’}— L reduction of Cr(Vi) 2L Humans, mice, and o * Kinetic model was based on parameters derived from fasted human gastric samples
— — z . S / 5 ) )
S *Must make assumptions ® / rats (high-dose) oo JSPH<3 | = + Gastric juice of humans in the fed state will have higher reducing capacity
Gastrointestinal tract model  about absorption ) . . s b ; + Gastric emptying rate decreases during solid meals (increasing stomach reduction)
. 2 . Oral Cr(Vi) dose (mg/kg-d) Cral Cr(VI) dose (mg/kg-d) )
Ex vivo models predict reduction under batch conditions. Gl tract models Brke However, both the decreased reduction rate and decreased stomach emptying may
incorporate ex vivo models into a dynamic system to estimate in vivo Cr(V1) Two potential internal dose metrics for Gl tract toxicity are increase Cr(VI) exposure to the stomach epithelium.

reduction in the lumen. PBPK models estimate absorption and kinetics of 1) absorption (mg Cr(VI) absorbed per L small intestine tissue), and

Cr(Vl) and Cr(lll) in the whole body. The Gl tract model in this poster ke ) : Discussion

combines the e: vivo model by S{:hlosser and Sasso (2014) witi the ﬁ)terr:smt:is':::) (mgyl(;:(l?:n)ﬂ&scrae?ﬁefoor:icz rg?utcrgz? m%ec;elL 3:::«! * A simple 1-compartment Gl tract model predicts HEDs similar to those obtained with

stomach compartment of the PBPK model by Kimman et al. (2013) o more complex PBPK models for the endpoint of diffuse epithelial hyperplasia in mice

absorption requires a whole body PBPK mode! )
o + Reduction efficiencies predicted by Gl tract models are consistent with NTP (2008)

Toxicity data Despite the relative simplicity of the Gl tract model, extrapolating NTP (2008) « Mice are more susceptible than rats to effects in the small intestine.

NTP (2008) observed diffuse epithelial hyperplasia (DEH) and small intestine toxicity data from mice to humans (using pyloric flux) * Net effect of fed status on Cr(V!) stomach kinetics in humans is unknown

adenomas and carcinomas (A+C) in the small intestine of mice. The produces similar results as a whole body PBPK model (using absorption) * Analyses incorporating population variability and uncertainty of human and rodent

same effects were not observed in rats, although squamous cell + The averages of the HEDs estimated by a Gl tract model range from 0.05- gastric parameters is the subject of ongoing work

carcinomas (SCC) were observed in the oral mucosa 0.1 mg/kg-d, depending on response rate and uncertainty factor (Table 1).

+ The human equivalent dose (HED) estimated by a PBPK model was 0.06 Acknowledgments
¥ - T T ) mg/kg-d (Thompson et al., 2014) The authors thank Ravi Subramaniam, Catherine Gibbons, Susan Rieth, Amanda Persad,

| Elaina Kenyon, Chris Brinkerhoff, Weihsueh Chiu, and Vincent Cogliano for helpful
} Table 1. Preliminary dose-response and human extrapolation for comments and discussions

o diffuse epithelial hyperplasia in mice (using NTP 2008 data) Disclaimer: The views expressed in this poster are those of the authors and do not
S | Pyloric flux Adjusted  HED HED Average necessarily represent the views or policies of the U.S. Environmental Protection Agency,
E | (ifetime average ~ UF*  pyloricflux pH=25  pH=6 HED nor does mention of trade names constitute endorsement or recommendation for use
= 0s | ‘ mglL-d) (mglLl-d) (mgkg-d) (mgkg-d) (mgkg-d)
] 0. NG Mouse simulations Human simulations
e {(duodeaum DC1Y
g Fenake ico il References
2 A [ iederan g BMDLS 13 3 043 012 14e-2 67e2
£ A ° {ddanin ) BMDL10 26 3 088 014 28e2 84e2
028 + alemserice Female mouses Mudee et al. (2014) Quantification of gastrointestinal liquid volumes and dstribution foowing a 240 mi dose of water in the
a2 30 013 89e2  45e3 47e2 fasted state. Mol Pharm
X (ool o SCC1 | LOAEL 40 10 0.40 012 1.3e2 67e2 NTP (2008). NTP Technical Report on the Toxicology and Carcinogenesis Studies of Sodium Dichromate Dihydrate in F344N
N + +Fomalerat 3 13 015 42e2 9602 Rats and B6C3F1 Mice (Drinking Water Studies)
o $n>8 Lm0 iecotibinfidins Parrott et al., (2009). Predicting ph ics of dugs using p based modeling-app to food effects
ai AAPS J 11: 45-53
o 2 4 6 8 10 tMale mouse intenal dose BMDLs adjusted by UF of 3 to compare with Thompson et al. (2014). )
Cr{vi) dose (mg/kg-d) $Data for the female mouse not amenable to BMD modeling. LOAEL was adjusted by UF of 3, 10, and 30 ;‘J‘;":’:‘, ;7“‘- (2013) y based pt model for humans orally exposed to chromium. Chem Biol Interact
to account for LOAEL to NOAEL extrapolation and interspecies variation These UF values were applied -
U.S. Environmental Protection Agency for model evaluation purposes only and do not reflect an evaluation of the toxicology data for the mouse. Schiosser, PM; Sasso, AF. (2014) A revised model of ex-vivo reduction of hexavalent chromium in human and rodent gastric
. juices. Toxicol Appl Pharmacol 280: 352-361
Office of Research and Development Benchmark dose (BMD): Dose producing a predetermined change in response rate of effect Thompson et al., (2014). A chronic oral ref s 1o duced intestinal cancer. J Appl Toxicol 34: 525-
BMDL: Lower confidence limit on the dose at the BMD 536 :

LOAEL: Lowest observed adverse effect level



